Accuracy of the net-shape manufacturing such as forging becomes critical as the process depends on many factors. Defect will harm the assembly tend to affect the performance of the part. Therefore, it must be detected and minimized it as soon as the manufacturing begins. Small size and complexity of the part limits the defective part to be assessed. The paper presents an investigation on the defect of the cold embossing pin. In this work, the effect of design and process parameters to the formation of defect was studied using 2-D FE analysis. The defect can be measured based on the incomplete filling of the region from the FE result. The results show that, the FE observations are in good agreement with the experimental result.
Introduction
Assembly accuracy depends on part quality and the defect may damage the quality and accuracy of the assembled parts [1] . Furthermore for net-shape part, accuracy can avoid the needs of secondary processes such as machining, which could increase the cost of production [2] . Therefore, it is necessary to predict and prevent the defect as early as possible during the production process. Cold forging, one of the net-shape manufacturing processes is governed by many factors such as friction, parts geometries, die shape and temperature setting of the die and workpiece. Arentoft and Wanheim [3] classified forging part defect into six classifications i.e. fold, shear defect, surface defect, form defect, crack and structural defect. There are many causes of defect including die deflection [4] , yielding or wear [5] and eccentricity or buckling due to the flow imperfection [6] . Recently, metal flow imperfection related defect has devoted attention by many researchers [7] [8] . Small size parts with complex shape limits the capability of the assessment procedure and research in this area is still lacking. The pin head has a special feature designed to ensure accurate assembly of the blade to the hubs. Therefore, it must be formed precisely in order to avoid unnecessary movement of the blade, which could affect the propeller performance. One of the main parameters that could affect the propeller performance is the twist angle and it's depends on the orientation of the blade, and the accuracy the blade assembly [9] .
The main objective of the paper is to investigate the metal flow in the cold embossing of the pin head and effect to component error using FE simulation. This is to ensure accurate assembly of the blade to the hubs. The paper begins introduction. Follow with the methodology involves in the study. After that, the result is discussed, and the paper ends with conclusions.
Methodology
A 2-D finite element simulation was carried out to investigate the evolution of defect during cold embossing of a pin head. The process of embossing can be seen in Fig. 1 . The geometry of the embossed pin head was analyzed using common programming code developed using Matlab and calculate the incomplete region i.e. defect. The level of defect depends on the filling ratio. The filling ratio can be obtained from the ratio of unfilled region to the fully-filled or complete region.
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FE Modeling
Aluminum (AA6061-T4), with thickness 3 mm was used as an embossed material and its properties used in the FEM simulation were list in Table 1 . The flow stress behavior of the material can be presented as [10] ;
where σ * denotes the maximum principal stress, the effective stress and denotes the effective strain.
The 2-D model of the simulation is as shown in the Fig. 2(a) . Preform is press by a punch with different diameter at varies depth, F. The distance to the edge, E also varied but must be less or equal to 1mm. Defect occurs when, depth A is less than F and when bulge, B is formed. In this study, 2500 load steps were required to complete the 2.0mm depth of embossing. Fig. 3 displays the material flow pattern of the embossed pin head at different distance to edge (DTE). It is clearly shown that over time at DTE 0.7mm, the formation of the hole only begins after 50% of the total stroke and severe formation of the bulge can be seen at the end of the process. By increasing the DTE, bulging can be minimized. Not much different in terms of flow pattern can be seen for DTE 0.8 and 1.0. Similarly to the size of the bulged region. Fig. 2 : The schematic model of the embossing process at initial position Fig. 3 . The material flow pattern of the embossing at different distance to edge. Fig. 4 illustrates the stress distribution of the embossing process. Similar pattern can be seen for both cases i.e. DTE 0.8 and 1.0. Since the design specification limits the DTE to be less or equal than 1. Therefore, DTE 0.8 is selected as the optimal value. In terms of filling ratio, by increasing the DTE, less unfilled region found as shown in the Fig. 5 . Small difference can be seen for the DTE 1.0, which achieved approximately 98% of the region, while the DTE 0.8 achieved about 97.5%.
Results and Discussion
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Applied Mechanics and Materials Vols. 110-116 2339 Fig. 4 . The Von Misses stress distribution at different distance to edge. For comparison, the image of the fabricated part was captured using commercial standard 3-D optical measurement system, namely Alicona Infinite Focus manufactured by Alicona Imaging Ltd. The lens magnification is set to 2.5x which gives a vertical resolution of 2300 nm. The half-cut scanned part is as shown in Fig. 6 , and in terms of geometrical shape shown an agreement between the FE result ( Fig. 6(b) and the fabricated part ( Fig. 6 (c) ).
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Conclusions
The main objective of the paper is to investigate the material flow pattern of a cold embossing process of a pin head and effect to quality in terms of evolution of defect. From the simulation depict that, the most influential parameter is the distance to edge (DTE). The study assess the defect in terms of filling ratio, and as a result, the optimal DTE is found to be 0.8.
